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For: G-CSF RECEPTOR AGONIST 
ANTIBODIES AND SCREENING METHODS 
THEREFOR 



APPEAL BRIEF 

/. Real Party in Interest 

The subject application Is owned by Tanox, Inc. of Houston, Tx. 
//. Related Appeals and Interferences 

There are no other appeals or interferences related to the subject application. 

///. Status of the Claims 

On July 7, 2006, appellant appealed from the final rejection of claims 31-33, 36- 
38, 40, 45 and 48-50, claims 1-30, 34-35, and 42-43 having been cancelled, and claims 
44, 46-47 having been withdrawn from consideration pursuant to a restriction 
requirement. Claims 39 and 41 are objected to for depending from rejected claims. 

Claims 31-33, 36-38, 40, 45 and 48-50 are currently being appealed. 

IV, Status of Amendments 

The appellant filed an amendment April 1 0, 2006. In the Advisory Action dated 
May 2. 2006, the Examiner indicated that the amendment was entered. 

V. Summary of Claimed Subject Ma iter 

Appellant's Invention relates to agonist antibodies that specifically bind the 
extracellular domain of the human G-CSF receptor to stimulate cell proliferation and 
differentiation. The agonist antibodies are capable of dimerizing the receptor or 
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activating pliosphorylatlon of kinases upon binding. In addition, the agonist antibodies 
of the present Invention stimulate proliferation and differentiation of neutrophils and their 
progenitor cells. This invention is stated at page 4, lines 21-29, of the specification In 
the Summary of the Invention. FIG.5A and B show the proliferation of human G-CSF 
receptor transfected mouse cells stimulated by various mouse monoclonal agonist 
antibodies, Including mAbI 63-93 and mAb1 74-74-11, as measured by an MTT assay, 
illustrating the assay used In identifying agonist antibodies of the present invention. 

VI. Grounds for Rejection to be Reviewed on Appeal 

A. Claims 31-33, 36>^8, 40, 45 and 46-50 have been rejected as anticipated 
by Cunningham et al. (U.S. Pat. No. 5,506,107). 

B. Claims 31-38, 40 and 45 have been rejected as anticipated by Adams et 
al. (U.S. Pat. No. 6,342.220). 

VII. Arguments in Support of Patentability Over the 35 U.S.C. §103(a) Rejection 

A. Claims 31-33. 36-38, 40, 45 and 48-50 have been rejected as anticipated 
by Cunningham et al. (U.S. Pat. No. 5,506,107). 

1 . The Offlce's Statements In support of Rejection 

In the Final Office Action dated January 9, 2006, the Office asserted that: 

Cunningham et al disclose die production of agonist antibodie& which are capable of 
Btioiulating receptors for various ligands. Productioo of agonists which stimulaie the G-CSF 
receptor is specifically motioned at column 12 line 56. At columns 23-24, Cunninghatn et bI 
discuss agonist antibodies to the growth honnone Tiosptoi, and state (hat such antibodies may be 
raised by itnmufliziT\g animals agunst growth honrooe (and presumably 5cr«eimig tlte resultant 
antibodies for %oiust properties). Also ai columns 23-24, Cuimbgham et al disclose such 
antibodies to be monoclonal, ehimericp or CDR grafted, and conipositjons coniprising such 

2. Appellant's Argument that Cunnlgham l8 Non-Enabling Prior Art 

Before a reference can even be considered to constitute legally cognizable prior 
art, It must teach how to make what it discloses. In re HoekSBma, 399 F.2d 269. 274, 
158 U.S.P.Q. 596, 600-01 (C.C.P.A. 1968) held that the 'true test of any prior art relied 
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on to show or suggest that a chemical compound is old, is whether the prior art Is such 
as to place the disclosed 'compound' In the possession of the public" (emphasis added). 

Cunnigham does not disclose any agonist antibodies to G-CSF-R. In the parent 
application U.S. Appl. No. 09/303.155, in an Office Action dated January 9, 2001, the 
present Examiner admitted that the Cunnigham reference did not disclose any anti- 
GCSF agonist antibodies. The mere disclosure of the desire to make an agonist 
antibody to G-CSF is not enabling, and no one prior to the present inventors had made 
such an antibody. No reference was cited by the Examiner disclosing actual agonist 

antibodies to G-CSF. 

Appellants noted in the argument presented In the Response filed June 29, 2005, 
that it is easy to obtain a neutralizing antibody because one merely blocks binding of the 
llgand. I.e. the G-CSF protein, to the receptor. However, an agonist antibody is much 
more difficult to obtain because it must bind to the receptor in a proper confirmation, 
dimerizing the two (or more) subunits of the receptor and triggering the activation of the 
receptor in the same manner as the native llgand. In the paper submitted by Appellants 
by Schneider et al. Blood 59(2):473-480 (1997) (See Exhibit IX). the authors highlight 
the difficulty in making dimerizing agonist antibodies and pose the question "Why are 
agonist antibodies to EPO-R so rare?". In that paper, they stated all of their monoclonal 
antibodies specific for the extracellular domain of EPO receptor should have dimerized 
the receptor, but in fact only one In the 48 isolated antibodies did so. They also point 
out that EPO-R is part of a cytokine receptor superfamily. which includes receptors for 
IL-2. growth hormone, G-CSF, GM-CSF, as well as others. Appellants argued that given 
the difficulty of making EPO-R agonist antibodies and the similarity between EPO-R and 
G-CSF-R. a similar situation Is true for G-CSF, that agonist antibodies that dimerize and 
activate the G-CSF-R would be difficult to make and more difficult to identify. 

Indeed this proved to be the case In the present Invention. In a declaration made 
by the First Inventor Baufb Ni, in the parent application 09/303,165, stated: 

"[Mly coworken md I screened approximately 500,000 candidates in Older u obtain 10 
potential agonist antibodies. This required high-throughput screening, with a success ratio 
of only 1 in 50,000. Measuring 'H-diymidine incorporation at this level would not have 
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practical from either a cost standpoint or from Ibe ^^'^^^''^^^^ 
We also found that using the D4 cell line expressing an artificij ^'^f'!^^!^^^ 
Z,rL ro ttiat used by CWigham, was not sufficiently predictive of a Wie agonist. As 

antihodv based on the aniDunt of uptake of MTT as compared to the native G-CSV (soltd 
Sw^^ when this saiSe antibody was tested in a colony-formation assay iwing 
bj;Z^;SL (an assay that more closely mimics a tru« »vlromnem of ceUs 
tiCaSrhuinHn G-CSF receptor) it showed no agonist activity. TTiis ^^^^^^J^^^' 
there is a substantial difference between an artificial ceU-lme expressing a recombinant 

receotor and cells with an endogenous receptor. ^ ^-«.«ti« 

Moreover, receptor orientation and disposition has been found w be Wrtant 
receptor fiinction. Receptor function that is as close to the endogenous « 
Sfyins a true receptor agonist. Because our artificial cell Ime havmg a reoombman^ 
«^2g-CSF nStor w« not sufficiently predictive of true agonist activity, i ts highly 
Syliat S hyTrid receptor used by Cunnigham having an extraceUular do,^ of one 
SSJr type fused to the intracellular domain of another receptor tjjpj ^^J^^^^^J^y 
Sc trw receptor fimction in order to isolate a fUncuonal agonist for G-CSF J^- 

Other leseaicbera in the field support the conclusion that an artificial cell-based 
assav svstem measuring »H-thymidine incorporation is too unpredictable to be used to 
iSif?^I?onisXT?ytokine receptor in this femily. 1 draw the Examiner's attention to 
tS ferSS ScCider'e t al. (Exhibit B). These authors observed that MoAb34 a^eared 
Z be agonistic in an assay measuring ^H-thymidhie Incorpowtm UStog ^'^f^^ 
(fi^e 3B). but in the colony formation assay using human CD34* ceUs reported m Table 
2, this MoAb showed essentially no agonist activi^. 

Appellants submitted that the assay taught by Cunningham would not lead one to 
isolate a valid agonist antibody, hence failing to teach "how to make" and thus would not 
have resulted In putting the public in possession of the invention by merely disclosing 

the desire to make such an antibody. 

Thus, due to the rarity of agonist antibodies to EPO-R which Is a member of the 

same family of receptors as G-CSF. the lack of an adequate assay for detecting agonist 

antibodies to G-CSF-R. and the lack of any evidence that an agonist antibody to 

G-CSF-R was made prior to the present invention, makes the Cunnigham reference 

inadequate prior art, lacking enablement, Moreover, as evidenced by the declaration of 

the inventor B. Ni, Identifying agonist antibodies to G-CSF-R was even more Infrequent 

that EPO-R (i.e., 1 rSO.OOO vs. 1 :48), Thus, the public was not In possession of a G-CSF- 

R agonist antibody prior to the filing of the present application and therefore, the 
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Cunnigham reference cannot and does not anticipate the currently claimed invention. 
In view of the fact that Cunnigham is not valid prior art. the Examiner made a 

9 

Clear error In rejecting the claims as anticipated, and Appellants request that the 

rejection be reversed. 

3. Appellant's Argument that Cunnigham does not anticipate Claim 49 

Claim 49 is directed to the specific CDR sequences of agonist antibodies 

mAbI 66-93 and mAbl 74-24-1 1 and their functional variants. The Examiner offered no 
sequence comparison and Indeed there are no sequences disclosed in the Cunnigham 
reference. Therefore, the rejection of claim 49 as anticipated by a reference with no 
sequences is clearly erroneous and should be reversed. 

B. Claims 31-38, 40 and 45 have been rejected as anticipated by Adams et 
al. (U.S. Pat. No, 6.342,220). 

1 . The Office's Statements In support of Rejection 

In the Final Office Action dated January 9, 2006. the Office asserted that: 

Adams et al. disclose the production of agonist antibodies which are capable of 
stimulating leceptora for various ligands. Production of agonists which stiowlate the O^CSF 
receptor is spedficslly meotioiied at colutnn 12 line 56. Fragmem and single chain antibodies 
are discussed at coktnin 18. Methods of making the antibodies are declosed at column 25. 
Thus, Adams discbses the desirability of olxainiog agonists of the G-CSF receptor, and iUnher 
discloses methods of obtainipg agonist antibodira consistent with the claims. AccoTdingly> 
Adann et al. fairly place the clainwd invention in the hands of the publi^^ 

2. Appellant's Argument that Adams does not anticipate is Non- 
Enabling Prior Art 

Adams et al. does not disclose making or any examples of G-CSF agonist 
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antibodies. The only disclosure at column 12 Is a definition of cytokines and a list of 
examples. There Is no disclosure of making agonist antibodies to G-CSF. Column 12. 
line 56 states: 

"Cytokine iiiiperJfamily reoepiots" and ^'henwlopoieiic 
55 growth factor superfamily receptors" are x&sd interchange- 
ably herein and arc a group of closely related glycoprotein 
cell surface recepnors that share consider&hle homology 
including frequently a WSXWS domain and are generally 
classified as member of the cytokine receptoc superfamily 

tiO (see e.g. Nicola et aU CetJ» 67:1^ (1991) sod Skoda, R. C. 
et al. EMBO J. 12:2<?45-2653 (1993)) Generally, these 
leceptors arc iatcfleukios (IL) or colony- stimulating factors 
(CSF). Merobers of Ibc superfunily include, but are not 
limited to, reoepLors for: IL-2 (b and g chains) (Haiakeyams 

65 et aJ., Science, 244:551-556 (1989); Takeshita et al., 
Science. 257:379-382 (1991)). ILp3 (Itoh et al.. Science, 

247:324-^28 (1990); Gorman ct al, Proc. Natl Acad. Sci 

The list continuing on to the next col. 13, at line 13, does disclose G-CSF-R as a 
member of this family, but this definition does not state "agonist antibodies to" members 
of this family. The only other reference that the undersigned found was at column 24, 
line 53, and column 38, line 22, refening to the treatment of a mammal with an antibody 
in combination with a cytokine, e.g., G-CSF, but no reference to making agonist 
antibodies to the receptor G-CSF-R. This reference only discloses the making of 
agonist antibodies to thrombopoetin (o-mpi). Therefore, this reference does not 
anticipate the claimed Invention. 

3. Appellant's Argument that Adams Is Non-Enabling Prior Art 

Even if one interpreted the disclosure at column 12 as disclosing a desire to 
make agonist antibodies to G-CSF-R, the Adams reference fails to teach "how to make" 
agonist antibodies to G-CSF-R, and thus would not have resulted in putting the public in 
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possession of the invention by merely disclosing the agonist antibodies to 
thrombopoetin (c-mpi). For all of the reasons stated in Section A above, Adams is not 
valid prior art and does not put the public in possession of the claimed Invention. 

In view of the fact that Adams does not anticipate the claimed invention for failing 
to disclose agonist antibodies to G-CSF, and Adams Is not valid prior art. the Examiner 
made a clear error in rejecting the claims as anticipated, and Appellants request that the 

rejection be reversed, 
C. Summary 

For the foregoing reasons, Appellant believes that the Office's rejection of claims 
Claims 31-33. 36-38. 40, 45 and 48-50 were enroneous, and reversal of these rejections 
is respectfully requested. 




Reg. No, 45,275 

Dated: October 10. 2006. 
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VIII. Claims Appendix 
Claims on Appeal; 

31. An agonist antibody, or a binding fragment thereof, tinat specifically binds to or 
Interacts with the extracellular domain of human G-CSF receptor to stimulate cell 
proliferation and differentiation. 

32. The agonist antibody, or binding fragment thereof, of claim 31 , which dimerizes 
the receptor or activates phosphorylation of kinases associated with the receptor 
to stimulate cell proliferation and differentiation. 

33. The agonist antibody or binding fragment of claim 31 or 32, which stimulates 
proliferation and differentiation of neutrophils or their progenitor cells. 

34. The agonist antibody or binding fragment of claim 31 or 32. wherein the antibody 
interacts at an epitope between amino acid residues 1-603 (SEQ ID NO:27) of 
the G-CSF receptor. 

35. The agonist antibody or binding fragment of claim 31 or 32, wherein said 
antibody is a monoclonal antibody. 

36. The agonist antibody or binding fragment of claim 31 or 32, wherein the fragment 
id F(ab')2. 

40. A ceil line that produces the agonist antibody or binding fragment of claim 31 . 
45. A composition comprising at least one agonist antibody according to claim 31 or 

32. and a physiologically acceptable earner, diluent, and/or excipient. 
48. An agonist antibody, or binding fragment thereof, that specifically binds to or 

Interacts with the extraceiiular domain of human G-CSF receptor wherein the 
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liuman G-CSF receptor used to generate said antibody is a native human G-CSF 
receptor or a mutant thereof comprising aubstitutions, insertions, or deletions. 

49. The agonist antibody of claim 31 , wherein the antibody comprises 

SEQ ID NO; 15 to SEQ ID NO 20, or a functional variant of any one of SEQ ID 
No$15to20. 

50. The agonist antibody of claim 48, wherein the framework is human or 
humanized. 
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IX. Evidence Appendix 



The attached evidence inciudee the reference Schneider et al. submitted 
previously with the June 29, 2005 Response. 
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Monotlonal Antibody TrlggeM Cell Proliferation and D»ff*rei»iiatlon 

of Grythroid Precarsors 

Msrk Boylft* Tdny Lorftnnfil, SiiVi C. Olloti. -nd Lutt R. GI«bBl 



tlon or ythfoM pr*fl«rtltM mM- ••virU lln#j«f ■v1d«i«c« 
htflCKI ^^^^ miflhinlim Of EPO fidptP- 

IBPO-n) ieiivafloi* by WO hmtibdlmiPlxB^on ^ tn» «B«fl» 
tor OR iha syrfici of ervthfOCVM p«8Bf«ori. Thtpifom. wt 
arfiutd th.1 It thould bt pouttil* to rftiM irt-H mMoatanil 
iMibodtei IWtoAte*! thrt WWW ^ -;«MPtor tty *j 

marUMlcni mi\4 tbM mlmte EPO W. 
•Mb in loonlw WflAb <MoAhi4J dlfccwd litlritiiM iwij 
mIIuIii EPO binding dAmfiln llw EPO-R. Thi« blvrtiin ^ 
•ndbodv tilgfleft thi prcllftr«iloo of CTO^Jcpardaoi ci» 
Unfp and Indueift dKftf »nfliTlM of «Ty»rold 
vma. bi ooAirnt th* monow^knt P«b frjgmint. whioh nn> 
not dlmtrfii tbi fKtF'''* ' ■ t"TVl««»Iy Imsinm. TO fnidW- 
nUm ef nwrai ■rtlvrtton ftV homadlmifliitlon irrpHi* 
tn«t It high liBMd wiw WUifteiw lh« lormul Wi of 111 fao^ 

ERYTHROPOIETIN (BPOJ. u M-kD plycoprMiin hoT- 
tmwL% i» the majar rej^ulaKU of n^ummalian crylhnipfti- 
rtiit.' EPO Ju-iK cm cryihKild pregcniiOT bcIIk by pwvenilbC 
apoptoiOn.^ Hiiff ttlaiiftg prolifenriiim fif eryrtnaid pm\imr 
ccn^. and Mudnf dlff«r«nih«lon Imo muWrt e/ytfinwyi<K. 
Th*se cITgcis a« tfunnduwd by lh« blndinji of EPO lo a 
raeciRt: EPO rmpiBr (EPO-Rj nn ibc uurfaw cftmmiHed 
aryihrcrd propctiiwr celU/ Dclrtlan of EPO unil EPO-R 
ccncft lt\ mice hosi «ho«i3 ihiu fiPO iyt cniciul I'Df ihis MrvivH|. 
pnilirtraiiorv. and dH^r<fwiuallgft of IdW »:ommhwU pfogenl- 
(L'Olpny-f^^nnlng iiftii-cfyihrold fCFL-El). bw nw of 
eurly progcniwin^ (huwulonnin^ unii-crylhWiO IBFU-E]); 
Mk-d hrtmnxygauA r«r a d*loilun vif ciiber EPO or fiPO-R 
sunt* ditr dwnniJ tfmbryoBsnww due » failw rtf «ry ihropoi- 
c%\$ )n ibB reial liver. The EPO-R U u inemher nf itw cyioklw 
rcwor ^v(tt 1 liupcrlnmily- which imr1u«kii ih< w Mptore for 
ULO) ihrougb IL-T, srarvulocylc-mucrophaBc 
cahmy-t^ilmuldiing ftii;wr. gmnulccyie colnRy-sumubun^ 
faciBT (G-CSF). fiMwrti bonnone 1(5Hk prqliwOn «PRL), 
ihromboprtiBiln iTPOi. Kukemia inhlbiwry racwr^ lUid Itp- 

""tHu teccpioni tor EPO. CH. PRL TPO. und Q^CSF appear 
10 he irisgBrad by ligdw*-indu«cd receptor homcdimofUD* 
don.^''"* F<w Ihb EPO-R, dicici evidence ffti* ihe dim«rl*!ailOf\ 
model hw* be<n pmvldcd by the nseentdijtcftvcry bf u dimBric 
peptide (httt bind-i to wid w-nivabt* iha nwMpterJ"Th« cfyrtal 
xtniciuitt ur Ihe pepOOe In complex with the inMrsic«llulaf 

domolnonhe BpO.RCEPO hWina proieiti lEPObpl)jhow^^ 
ih;ic ih« peptide dlm*f blndx to mo molecules or BPObp. 
The ftirmanon of complMW between EPO 4tnd iwu iwjte- 
vuleiK of EPObp in liolutlon hax been describtd Utting lifihl- 
Kcuiicnnc. wdimBnUttinn equitibnum. ^nd ntfsuion cttlorime- 
iry iechmciuc>." Stable BPObpiEPO compldxevi have uUa 
beei^ purllied (ZJiun H, Kwrttarttt C Kor 0. Save! L, Ctcbei 
LS. muFitftflpt Aphmiltcd). 

PfevJowJ* dvldenuc for EPO-induccd receptor (|imerl^tIt;(Hl 
tin the cell faae In bui*cd i^ftmHrlly «fl ^;4Wl^UtUliv,^ly active 
EPO-R mutuniK. which i:nni4iln piihK muuuoiv intrudut^ins 
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Torillgind eomptaitee b f»ifor«< over 2:1 eortipl«ie». Thereby 
lymlnfi Ihe Upend apoititt Into eft imigwdel T htti>lP O ind 
MeAbM ehould lel^■ntliolllM fl high eoiie*nw«tlon« in 
both eeli Bf«IW«»tot end dmgrwtlbllon Ogr deji 
Meed dem«nitrrt« ihit iPO end MeAbai entefloidfte 11- 
ainM^enOent eell proRferetkm wflh le.* velu-e et ipprcjt- 
Immly » end 2 p«ol/U reiptrtlvfiV* ftiTthroW eoleay to^ 
merlon liFUel ll Inhibited et fUtfkhU 
1 ^fl. F^nftBTfnofe, we -nelyEed The MoAb3*:tPO.R to- 
ttr»«tlM u^rtfl « metneinotle model de«»lbbi« "J*^*^ 
medlited receptor dtmerlietten. lh% deie fOF pfoWWiett*" 
end dWererrtledM* leilvlty wwrm ooflelitwit WWi «h« 
tor dlmer fofmetlon en the eetl euf^oee prediClM oy tw 

by 77l» ^inerfceii Soc/ery ^f HeffWtfl^PfiP' 

cysteine xub«iwtu»n?( ii«d thi: cMnwelluiur domain at amino 
tiild pftidtioni RI2^). El 32. and ElM/'**" T>e EPO-R mii- 
luAU farm dlsu1ftde-link«d hrtmodimcn in the endopltiemiB 
TCiicitlum And un the ccll suffswe/' Biiwd on rttjumi* align- 
(Dents *^ih ihtf rcliucd OH itcejuor. ihew myuMioflit ere 
expected to be in Ihe recepior-^ift^f InierfDce rcj^iOft. JS*?'"- 
sSon oi' ih«! coiwrltutivcly uctlvc EfO-R <ft'25Q muwm m 
BaF? cellK roKuUft in r^icttsr-iBdependeni proliferKion, aijd 
cKpreH^iUin in primury irullyren olf mov« fetal llw «IU 
Inthiec* EPO-indepefidtnl efythrold dIffmntWwi- njr- 
then^wre. mJ« infected with a reifovlnjti eanyin^ the EPO. 
R iRn9C) muuini develop ctyihwtedfcemlft.'* TfV«MiBd re- 
v^rMor muTttniN ihdi luck pttft uf tho intfttcellular Aj^naUnj 
domain M dominum-ucgnlive for mj^uI iranKduction w^hen 
^^^pvcMd vyiih ih* ^IW-rype EPO-R." " Soib *.Id.iyp« 
and ifuneuicd rowptoni enn be coim«M»nop«dVpHuWfl wun 
uii antibody diiecced agttinfit itii DtermtnuiE of (he wild-type 
recepior. which l.i nM prw«ni In the tfuncated ftirm.^ funhet 
Kug^lns ihe preitKnce ct receptor dbtiefit on the cell wr- 

Rcrtpior diincrlwiion huH been arwlyied in. aetakl 
rmiheOH receptor-**^" GH httf two diwinct reccpiof Wndlnp 
ii\m. M high ligond concantriKion)!. ftinniitiwi of I; I Kom- 
ptixci via the hijlv-urnniiy OH filtt I i* favored over Itt 
compleMH, preventing CH MCtptor wiEneIin|u und Puh « 



Cnq>i Svuth JiM FfoncSxca: um{ H\r Amt^n Cwnltr* ™oii' 

mtifiaiiHil Offp. M t^yi^tr htiitt ahW. iV/iiJ^i Suft FnmUit*. CA 

Tilt liffMtfiHiuH nms^ifihtx ^iUk'te ^vr*t d^fraynf iu i^m ^paxw 
i-hmx^ puvmettl TW/ vnivie wfMf ihonfiirt' /li' Arrr6j /^HCftid 
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denionytmtcii Mlf-dntuguminn of GH tn a CH-dcpetidene 
cell p/olifcratlcm 4ii^y at GH conwcnimtlnfiK ^reoter ih»n 
100 nmol/L. Hemixiinicriziirlflrt und Kignal tnnsducilon oF 
CH ncflpior cun a\ste> be nchtcvcd by iipcciHc monaclonal 
receptor onubodiaii. IffC-typc nntlbodie^t ans bivalent mole- 
culoi that bind to two anTifmi molMulcfi tir th£ stirnc time. 
IgOi specific to GH i>fice|MDr ihenl^ne are obte to dlmefl^C 
ttnd ddmuluis ih« ncepror. Like GH, iheM antibaditft trt 
»elf-siiQig<)nUt]i ai hi|;b vopccniradonft'^ Similnr (LgonJat cm- 
llbodiesi have alkp btscn deicrlbcd for the PRL receptor,^'* 

Wc have ftidcd a monadonul bntkbod> (MuAbj diTcctsd 
A^inir EPOt>p« which mlmiu EPO oodem by inducing 
g&nd'^cndBnt tcil prolifcrticlon and dlffercniiutiah. ScJf* 
flAtfl£Oniam of EPO ha& noi been reponed m far. probably 
because ihdccnccnttatlan^ c( EPO UKted have not been high 
Enough. dnatyiad Sro at ccnficniraiionK up to 30 ^moI/L 
and were obic to dclecl Apeccfic inhibilion of EPO-Ucpsndenc 
proiUerdlion. Thli pr^vldcN Further cvldtnce that EPO trif- 
ee» lis TcceplOr by lijB<Lnd-induc«l dimerl^aijop. 

MAT^RtALS AND lUlGTKODS 

CHI iinn. &aP3.' ft diuriflc IL-3-d«p*mlKni ei|T lliie.^ wbie « 
giA rmm Dr K. Ludlitn (Wh]tetU;id liucuiiiic, Cuinbrtdec. MA}. An 
EPO^kpMdcnc BaF3/EPO-R liAit wah |ener»l«d by ifoniirevtin^ 
(hi rult-kngth human EPO-R imo DaP3 celu, A cDNA encodlflg 
ihs r^l1>l0n|{lh human EPO-R raplfl IVom DtJ. WtRkiliTtam. Urttvar- 
Aicy gf CinciniuH, OK: nucleuiliiB wquence idenilcnl co thai uiid 
by WiiikfilfMrtn ai ti^ and Jdmh ci at^) o^asi clon«4 into pluKinitf 
cxpRiwiMi voeior pRf/CMV (likviiiv^« Sm Uep. CA}, AAtr 
vliBlropcradoii Uuo BaP3 eelkK die celiw vkvm ci»)tiir6d |^ 1 duyk 
m RPMI 1640 mftfhim iN^iiimlnp MRf Tcidl bovine Acnim iPBS) 
u«i tL<3' Colli M^rt wadied twice, Cffinifavrcd tnu lAdO 
CMfliuKn plva pmQi/L EPO. Mid ulicied for £^0«4epeniJtfnt 
irowth. rnd^uiduai clanm wene itqriBctBd by iimluns-diludnf^ clpnln^ 
Tbfi SPO»d<ii6f4&n( cell line k^hoKcn tW (M> Niudy pnallfcniBii in 
dw pK)ttfle« i>f EPO widi OA BCpt *it 19 icemVL. SeeiEhord luialyKii 
ihMfed aOU netpm per eelt f hM bind EPQ whh 30n-|siiiQ|/L afllA- 
ily ir for jdmpllflcadon. Hinpte^lu hindlnf M OHHumcd (data Mt 
Khvwn), C^Uh were imiflYiiincd In RPMS J^M medium with )04 
PAS, 30 Runol/L HfiPES. pK 7.8. ftM 10 ^mol/U nbeKOpitethinol 
lupplemcnced with lOO pfflol/L 8P0, QaF? eelbt «wn nipplefliBnced 
wich tO% [L>3 ctinttininf WEHI-SB-condUfoMil medium. 

UT-7/8fO «dli^^ Were a gift fiDfli Dr Noho KoAootu, And wen 
p^wn in IX riKovc'4 mwUHed Dulbseco'i midium (IMDM) viflth 
L-fllunmiAe. 25 mnial/I- HEPES, f/L Hndivni bicvrbcmaic. 
10% PES« and Itt L-0laninlnt-penlelJllrHvreptOfTqwin«nliidaQ l]r» 
vine jcieiulDei Santa Ana. CA; enncalnlng 270 pmel/t EPO. 

ExpmtUfn and ^ffhniis f^uftfleailM trJtmti hman £P0'^» 
UNAencodlnj ft .wlublc (ruvAOBd BPO*^ lEPObp) won fcneroicd 
by pQl^mvnitt chain ftwitiQn rPCK; uiUft^ Kh( rUll<lM|sth cDNA u 
lempiAiD. Thtf ampiiiieaiion pnxJuci InTreUueqi a TAG umiinatlDn 
eodon 9' af ihe iranMnambnuw reglcin and encodcai ihi eauocelluJar 
tfomflm consiMlrtB oi' amino acidH 1 ihn»)|a 249 «r the pvUiitol 
leouanei.^TIke PCE (irndiicr wa:i lubclnnid Inn Mprciwlon vienr 
pAe/CMV {lnviiro£cn) and iuibly trsntftaneti hm CHO cellii. Indl- 
vfdiial clarwit scererln^ BPObp mltcitd by llmldnaHlllurbn 
cloning. n^Wtr boitlc^ (i^Mfthe* ofise. 1.7(10 m*\ Ctim\n^. Cvnlno. 
NY) wen Hefidod wich Uil- vumie M)1 line, which ihen grown 
m rnnlfueince In ftPMF IMH (n«di4fm piiui mv* PBS. Tl^e calk iwM 
wGlhcd iwica lii Hinim-f^et Rf^Ml 1640 mcdlurti and i:uliuml In 
}0i> mL Mfum-iycc RPMI 1640 meotuin. CdH Mipcnfauinl woa 
ledeO oiteff 2 dnyn. and north nufdlun WSh at^tS fnr aAMhitr 2 Oan. 

EPO wan iialcKod wlib 111 mmirl/l NuU%« iirtJ hhuinylowd udng 



10 mmp1/L biouTi h^diwldv (Pierce. Riie^rbrd. ILl fellowlni] the 
niantffiieiurifer'x inxtnwdnn};. A tl^d uf)An(ry h-alumn w»i pi'opfend 
hy JinmnNlllvJng biuclnylated EPO 1 10 nig] on Sinpti^vidtn 3M Btw 
pbtiu bcudpr <3 inL: Plcrct) overnight in Dulheno^n photphoii* 
bulTend naIiik (|PB$| Irvine Scienilrici at 4X, the bemln were 
MpOnUed IhNh Hm Hupwn&Uaiu hy etmriluipiilBn. and iMUbautf iriih 
10 Amnl/L MoilP In PES IbT 2 baurj nt to unmiB hll blodo 

bindhis niinii Afttr woihlng wliti PBS, ittv EPOwied bMdR «ene 
pdcked In a tlvA column fOmnlHct Allicoh Corp. Denilffld. IL). 
Cell Kup«matai« till U) ww coneeniraied and dtaniitficd to I L In 
30 mi«ul/L Trii liydrachiorlde. pH 7,^ anU loaded on the vnlvmn 
a( A jicw ra;e olf 0.7 mUmin* The ^alumn w» wuiicd whh 50 mL 
20<mn\oI/L THi hydrochlorida. pH 7.6. Bound BPObP woe eUncd 
vrlib 750 qunal/t NfiCl in 70 mmel/L THc hydiodiloilda. pH 7.0, 
Sodium ded^yl Nallbio^poljracrrlaniide gal clecDuphorfijih rsDS- 
PaCB) ana\yiiU Khsiwed ct iinyle 30>kD EPOhp band* Vm ePObf 
Nedonji uttn pooled ano coneinimea. ohd the bJff«r ek- 
ehofliad wiih PB5 to a £nal cQiwcntnicInn nf OJ m^nnU 

Q^^tf/tiiinn iuui Muttvttinjf r^'MMk Pivt OalbAi micp wen im* 
muniieed by Mven NuhcuiDoeouji li^eeilonji m iim Mua ovor h period 
of 14 weckH. Eocb JA-;/L li\|ealBii eoniainaU 2S EPQbp in 
Freiind'if iidjuntii, After 92 weelu. nil mkc hwJ dc%vlapeO ami* 
EPObp onitbody lUon. The dibiiionii needed w reeoh o hull^axlTnal 
alenai in an ■oaynie-llnkiO ImmuiHuorbenc uMoy lEUSAi ninyli^ 
fnn l;20.aQ0 lo l:50,{m Art adJUUmar linoJ n^thm of ISO w0 
£PObp wiu admlniHtenfd intravf novi^ly lo tbf maybe ispfovMnj Oil 
hl^eni onttbnily Mier« After 3 O^yn. spleen eelix wtfo ipobied and 
rujicd with myeiuma strain P3Xfi3 A|iL6S3 lAmericnn Type Cultun 
Coilecn'cin, Roc^tvilh;. MO; CRt IS^Ol. Alter lekednq In hypoaon- 
thlna^amlnapTailn-ihynidine inedivai iSJgma. St Lo^in* IW} fur 10 
dayxi 0 lucul nf 41S MeemaianDi ytwt Kroenao ftt aposiKe anObody 
prooueiion by BtlSAi POnlllve alofle^ wok innafantd tn 14- will 
imcrarltcf plQie^t. ai^ jeupernafanu wtft Ofnuycd In a inymidinr up- 
take prdilfcc^iann ii>uy ia\h$ tha ctll Mna BaF.vePO*^ and the 
porimnl BaPa an a eaitcml. HybHdoma cJnqe MoAb?4 wm tsub* 
cloned t^ce by limirinp dlluizon. I|i iJtqiyphp w%» perfbrmi UKi^S 
(ha I^Sirip MovH Mewiclnnal Anubotiy laoiyping Kll iVom Boeh- 
Hn^te Mamhrltn Undiiinapoito. IN}. 

9tvwfi In 47,39t RPM! IbeO medlom. Pylfaeceo'a modlfted 
Ea(r^e*ti medium, and 3^ F?$. Culnire ivpffflwaw wa» hlcared 
chrouBh'a 0.2-pm marabrane. A o-nnC pniiejn D-SepharOAC 4 foat* 
How column (Fharntaciu Bioteeii» PlaeatuiwBy» NJ) wok pttckvO with 
80 pil preakivc. A 1-L iumpir woa loaded at 4 mUmln at 4*C. 
Ibllow^d by wa^hinB wlrh ftraater than i eolumn vol PBS- MoAb54 
WON ihcn eluted fnam the column wiio ImmnnoPum \gO cluilon 
huirar (Pierce) at 2 tnUnMn. The cluaia waa immedlotoly neutraUttd 
ui pH 7 J by ttdcBnp 2 moL/L Trik The purliy woa ovaluaiad by 
neiuedueihi SDS-PAGE, Kab fruimemi were jeneruiod by paiuln 
c)cav:\i^ uxinp the tmmunoPuie i|ai fob Pfepurofipp Kit (Ptenrej 
faifowias the mumi/aciurar'K IrtMfoeilQR*, The Pub wun runhar purl' 
hed by ^1 Hltrulon winq a SupeniM 7S edumn (J. 6 em K 00 
em: PhannaelaK eJvtcd w]ih P&S« ond anulyacd ror purtQf by 3D5> 
PAGE, 

StJtSA* BoGwio anpnetod iha nwAbsr Of oaunlNt antrbodlea 
IB be low, wo vaod xw dtlTantni meBirda f^r immOblKioilop oT iha 
EPOhp IP en^tun Ideniirwa ilnn pf o nuixiininn number of aotUBPObp 
MoAbii. (n ELtSA 1. EPObp wan covalenUy Immobtllied. EPObp 
wgi aiiUlaed in 1 mmol/L NulO« und 90 mmoI/L Mtflum aea cote. 

J.?, at J"C fut .^0 minurefl ihe The pivtain wwt pepomied 
fntm pcrindue on y NAP^I iMiumn iPharmucriaj and irtcubatoU im 
hydrahidri-mruvhccd mii:roiibBr piutea ^tintnyn. San Dlo8°' CAl ui 2 
i^/mt (100 iiL prf well/ fnf 1 hpur ai foom lemperuiutip. Platei 
were waiiiiaii jpJ hUvked wtm pgfi nad ao m^fmi: bovine ■iruin 
albumin <aJIAi ^or I hour. In ELI5A 2. Myini^ miuiOlller plhwa 
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EPC hECOTOn D1MERl2/iT)0N 

iNMitC. Riuliilcki. IJcnmnrtci wtK iniuhoKnl fur I htnir m .17*C wi|h 
II) fj^ml. MiiAb jRll, i> iijvelrtk*. mtniiAimilUiiig nil MnAh 
nMitid ii(uS}i«i CPOKp f D. vim Dykiii« p^rKMiiil «>tiiiilvnlv»iHiAt F«bni> 
Ary I^Mii, Tho pliiii»y ^iini «u&li(sd unil bliVik^MS. uml then CrObp 
<l ;/£tAnL) wuK ddtititl in ELISA bulTcr <PDS. I m$/i)^L flItA. und 
0.t)3* Tiweo-arn I huur HI JTT. After Immohflwaiiwu. of 

EPO^pu htiLh BLI5A pmutLKiR suck iJdiUieul, AmlhaU}f-cnfttuinirk0 
Mntpltfit Ufl ELiSA huffer wtK widetf anJ tn(;uhuicJ for ^ hrur of 
M'V. Al^ur wfljihinj). ()lnie« wuiv tncu]«KCd wtrtt U 4m4P imci-nuiiiw 
1^ tfiiuplttil 10 hnrHunKlM pemxiiimC ilNRP| Kli^nQ) al DJ n0/mL 
In BMSA hunta ftir I hwr oi jrc "Piii pb^a" wttPiwiU 
unti f»L TMB/H)Oj itevctnpliu; ttibiilon l^rwl wii» uml 
bwuNlgJ fiir 5 mirtuiCH. Ctikr Ocvcinprnunl wm siupptid ^7 <f<klhs 
1(» >iL Umnl/L nuiruric wd. anU i^w OD,i„„^ ikicrmlnciJ 
uMn( II pluia (vwik-f (Mulcvular Dtfvliroi. SiinfiyvalQ. CA). 

iftflU were (iTAWft 10 (tw lA< iQjjuiiihmic {iKdne. L*it|]i!i.*ted by CeHtHru*- 
l»»tinn. iMiiitLM ihivo limey wim RPMl (<Wi) mAtiu cimittlniof UY» 
FBS und ID mmtiUU HKTCS, |iH in \KW ^hitemas uf fiPO and 1U 
3, .mU (hiMi MunvU In the Nam« metMn 2 ttnw^. AfiilbiKJy 

at luHKL ^nurroU tmu IIXI fth iTikiiTiu. and 1UU >/l ftddcd 
(2S.^X)0 CCllii pir wg|]). £FQ aiu^yv^irtl U|;a1nM HI t«trKv|/U 
HBPE5. pK 7.IJ. uod lwi-pL \^\ iiiimplo^ «v«'c iiiiinblnvd wiih iftu 
I^U «^ll|t (15.0UO k'elU p«r well) iwnrAldiCkincininlied fmilium* 
Pbttt were iACubiiml far 4 hmmi ail >T'C 5^ CO: iH ^ Uumidi- 
lied dHHuc euhurc UwubntBr. TIWA. n<S >iCI ineifty|.(*H|»trmUiiw 
lAnwniJiain, Arttngfon Ka(£hti. IL: 1 fflCi/mL. 21) Cl/mmol) tfUuied 
imo 2(> i/L mediurn. wax added, und riu Inmbaiion wiLt crmitniMd 
for aiwilMr 15 houni. Ciiiff^ifc hnr>'CKltd oniQ ylu^ |^b«rlilicniui» 
miny A Ti^miec w-cll hwc«ter. srvd IfUAfporAStd n4)0l;^bel dtlcr- 
mined utiln^ a Micrvbma 140 HfMlladnn couniir iWaiiac. TuiKu. 
Finland). 

UT-7/EP0 cetlji wen grown W opprOHuruulx J X Iff'^mL, COl- 
linid by ceniriftipailnii. ivwhvd tibfci wllb PBS. ami xvHinpended 
a 30.000/mL In awy medium iRPMI I6i0 medium with Iff 
Bluiaminc end FBS). Tii«M wutlVK plaiflK i^^-weil) were loaded 
with ifKV^C icjti samples (dllutod iW I'dKi ilwrold In wku;i nicdlum> 
iiAd ,^0 cvtlt p«r y/ell and IncutiHvd » und 50- CO^. AOirr 
72 bO^M. Q.5 t£C\ tne1hyH^Hlih>Tnldb)c dllUldtf in 9D iiL 4IIB> 
mediuvn wai sddedi datd Oi^ werf iMutated fbr anotlKr hours 
Ai 37^C QEMt S« COf. Labeled ceSlj were hBimwd imia |Iair Abir 
niicmiQU uilnf & PHD cdl harvntier rCumbridBc Tcehiml^gy, inc. 
WaieftftWfi, MA). FUtcm were rincd with 2-propui>vL dtkd. ;(nd 
L-OuMid in ft BecKmaii nodcl LBftOOOIC idmliMoa ceuntor iPidlir- 
ton. CA]. 

C^UtutftlEPO Lindins-QOffifitman assn^r, OC^MI mil. a bn- 
Nun irythroWuKtmiQ Oil! 11m tlui dJtpfMnej RPO-H on dw cell 
rur^iiiM.''* were |rown In IMDM. 10^ FBS. Ond iCt peaictltin"«tf*p» 
comycin » appra&imuMly 3 u J K (0* cdUmiU Celto win rolifCMd 
Dy BfimrtnipilOfl. wolYwd l*o limc« in bindfnj huffcr (RFMl I6i0 
medluBi. 19* Q3A, M 39 mifipl/t HEPE5. pH 7J)i And niUl- 
pendcd in bindinp buffer cfwioinlnf CMQ- NiM.v and lU ^f^tL cy». 
chMlyin B W no a X l(f <*n>i/niL. TUjUic eeiiure pi^t f^ft-weUl 
wf/a foadfd wiib ICO v«]I«. 10 fiL juimple. xina la ['"TV 
tPO cAmefthum. hlsh s^jwhrttf AuiWiiy. 3i}0O CiMimid. 2 wCUnL) 
tvnd Incubwad ft>r 3 houri* el 37^ in u htimidiM ihMU nilcure 
<neubiuor. 7>Mn. ch« culln w«r« etmriAigcd dirautfh phihoJiicB idt 
16(1:40 vaVwI dttwyl/rilnwiyi pYithsMoi In llui viibO, Tlia lube* 
mntbinih^ I'dli petltfiH wcrt qidck-tVimn in a dry loc-cihAnol budi. 

and ihe m\\ pullirL wiu clipped und Ihon Kunnied ift 1^ Phornuula-LKa 
(Uppitidft. S*<ddn) 1377 Gaminiaitiiuaer wjuunuiiu yainnui cuunier. 

BFUe titli aHftrtniMfm a«w,v. Ntimifll hunun donorM under- 
went lymphnphereaiii jiicardind 10 ^uindord pmtACi><N in purify 
Ca^' tfiyibrdid t'Clln.*' Humiin Wmid wa» ah»lfwd '&i\ot infnmiBd 
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eDmuint. ThecvIlK wcte wtwticd. renuiipundMl in Ktrnkn boluiiEsd writ 
mlutliN) iHB3;j;i« ttivj KL'puftited ?ty dcnsliy ihrnlrl^gallnt) tt 
frtidicni |FI(;iil1-Pui;uc: Ptturnuida fiimcchu "TlM kw^inuliy eclb 
w<«V Cisnttcfud. wiudtud wilh HSflS. und munpdkditd In PBS *m^' 
nwucd with n.S^ B9A und fi mmni/L EPTA Ul a a>MfrMr&rtOft Of^ 
H in' ixOlA/niU Fmni culU, puriHcdCDM^ cilU wtire otaialfled 
uMnc Q CDiU Pfui^nliiir Coll IsDJullfin Kit (QBand/lOs Mlltoi^l 

Blotei-h OnrtiH. Bir^Nch GliMftiitBh. Germany). 

"Hwiii viift) BPU-ft uutay <Mi puriM Cb34* ccMji wu pcrTornwd 
In mcthylcclhlliWff. Thit medium Luntalnol FBS« 0J3X IMDM 
tCIBCO. Grand tiUiM). NY)i rttdU, 2^in<rEapio«thanoL dUClMNldir^ 
chok}it4ri>l, MidJum pyiDwmc, Hu-traiwrdrrin. Uplda. Hu-inwlln» de- 
inniw\^ B8A. Uitd )0l) n^mL mem cell rbchir iSCP).** A !iuApen)cioq 
i^l CD34' celiii iinJMIVinL). 0.015 mL SCF <2n ^^/ML). 4Ad b 
enmMttMlM dfiiuinpk und medium ■ffl;Uin9 3 mL wik pmpaned hi 
luerlbe polyBiyrra uibuN. DupKmU; l-mL id^urfii w«r« plund unto 
3jl K lAi).i)tvi ii»^ue culivM ptutCA. Tb4 pluiup were Incubated uc 
37*0 tmd ll)'» CO: ll^ » hunildiOcd Hkmic cv)1i«m kncubgtuv. Cry- 
thmid 60l\^t«i litmngti t(» red In wtm junNd uiWr I4 in w 
d«y«. 

BiAi'iirt tttifiSyfiM. K\nci\6 paramAM ror ihff iniBRiedfln of 
MiiAHjM ami lot Ki\b frflfliwom <Fiib34» whh fiPOftp wow m-wdi^ 
uMnp m4Him« bitvpecltic Iniivoffiinn antllyiiK iBIALne). * TTw 
BIAl'dcv jiyKtiin, CM-5 j*cnjsor cliip. artd Trapcnia were rf pm PhW- 
inuulQ BUmmmv iPiKiyuwuy, NJJ. All In^^rlorM on die mwpt ehip 
i^itimt wttt fii A Aow rme or mUmin mu lf*C unimpihorwlM 
viDitO, Bd^n ii^eitianM ofrcapcnu. ihi pieniior chip wbk tfonuno- 
uiuly waji^^d wUh 10 mmoUL HEPtUS. pH 7.2. )$U mmclA. NbCIi 
34 mmolA. EDTA. und 0*005^ flurfDctum Pao. Tho imeracilnn nt 
MoAbM with CPObp wsiiebviiocriiwd by cmipliny appmlmuriy 
AJUO rdaoiiBnee umtn iRU) of MCAW to diA MfW Chip «urfue 
m\n$ rtUhdtfd A/iiine immotailiv&tion chendmy.'^ £PObp «amp3ea 
dT 10 to t JOn nrml/L were Injccicd for 7 fflirtUMn ov«r Om MaAb;34 
■urfoee uid over a coDUOl flitw cell. AHcr each Injccrlon 0^ CPObPi 
a l»nimul« pvUr or ( mmol/L I'onnkc tisld wm ui|d 10 rtgenerafo 
d)B MoAb3i <iiTfbct. To m«aituro the Inwncdon of en3bp and 
Fab34. Midiied EPObp 1-*'500 RU) wa« immobiltStd vltt CtfbOBy- 
dTiiide ceupIiqB to the ctffbfiicyintCfiylBEid daxznn nuirte.'^ h^ec- 
ilon» flf fdili?4 panned a concentroiioA ran§e of I lo 900 nmol/L 
Afier euch injeedon of FflbM. the GPObp MirtlKf w» rvimnted 
wim a 5D-^ putnK Ql 50 x^l/min, uf 10 mmol/L 5-(eycioheKyt' 
Qmtiio>«l-prDp&n6XuirnnW wid (CAPS: pH 10.4). Aaic^adtfP vd 
diMocUdon ra» esrtiiOAU *<rt doMimlnfld by tetv-tquam Anlni 
oAng BlArvnlumion software (mumadt Blomier). Td minimiw 
potBOlifil roBiiidinf ofCaau. only ifae hdrlal 13 wcondi of eifih dIUO* 
ciatlon i^ifils wu und ftir cileylatlos of tbe dismittlop rote oon- 
mani. 

REBUaS 

MoAit34 stimutmei prQlfferaifon 4f SaFI/EPC'R €4lU. 
Wc hiLV« isolMAd A touJ of MoAbi ipdeiHc for EPOB^ 




EPObp 



0.76 1 .5 ng EPObp 

p^ 1. IA9AbS4 tmmwiebloi ono^ or iPObp. IPObp wu hn^ 
daniiurwd aid anitvltd by radoeinf SPS-PAOE on a 1S% ocpylliMda 
«fi intf fti^ooquant Mnilorto nIvBeallulain. The blai we* iMubaiod 
whh Mo Aba4 iig »e/«d4 and tuboo^yonfly vdM oMdmeuo IgG 
ptod to haratridlab pofoaldiio. 
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Fli L Mftsorp Mr*»iril» 

■ af 

fay MifeRnBtlDA if dMi l^oni OMV- 
vol luiftiii Tha iBiad WM r»> 

ttiJM palm D#t» Anm i ri^rvt iit^ 
WW* rm-CPObp MMfim- 

fffVflwwns 1,9Q€ <i).7H tM, W 
(«, 1M Ctfl^ W lallD in. IB (B>. 
«Bd ^0 (fell. 



ihd CDlublft ftxiracdlttl^r ll^and-hlndinjt dQirium of (be human 
EPO-R- Tte hybfldoma HUpamatnnt of MoAb clone 34 sdm- 
tilaud thymidiflc upuke in BuF3/EP0-R cclU. bu( did noi 
Ktimubte proUrer&Kicn In p&rtn(Al B4F3 cftUs. MQAh34 li bd 
IfiO MoAb thai wai^ «ubt>pcd as UCup Iminunobloi oablyslt 
of t^-denuturBd «nd reduced EPObp faggcKed Uial 
MpAIi34 reco^izej a linear cpitcspe (Rg I ). MqAIi34 did 
pc\ compile ^iKh ['^I]-SPO in d biAding-compeiiilM amy 
using human OClMl cbIIr^ (dat» noi ^hou^n). Thud. 
MoAb^ doe^ noi interfere with (he biniJing of EPO to lu 
receptor, Indlenilnc 'hM (hem Is no avsrlap of MoAb54 and 
BPO binding epltopa on die rtceptor. The binding klnetlci 
of both MoAb34 and PabM ro tPOtp wen eh^racteilud 
diing iuifbfic plAnmon reMn^nee (fig 2). Pbr MoAb^d kinct- 
ici. the antibody was ImmobilUed lo Avoid avidfcy «rree». 
For Fab34 kinetlcB. we ImmobUized EPObp. The JcindK 
comtanti for Ri(oAb34 «Ad FBb34 oft HUtrnnarixed in TftWo 
L. 

M^hJt4, hia mi fhw FitbffPgmms* srimuiM praiffira^ 
tion in EFO'^tpandent ntti. furifuEd MoAb34 ivoi Abie 
Co ^dniulftie proli^irttiion in EPO^dependeni cell IlnM. A 
dose-dependent mponae evolution in a (^H)thymldlne up- 
Eake eell proliferatSon auoy xhoMd ec^i valu4« ot approRi- 
mm(y 1 0 nmol/L CRg 3a^ in 8qF3^Q-R velU. The effect 
of Mt>Ata34 wu flpeclfle lo BW-R. betnujiiE liilid not irim* 
ulate iprewCh of the parema] BaP3 cell line (dua not xhowp). 
Under idenUcsil conditions, tht; mqxitnul amount of ['^H]- 
thymldine incorporclton cBViMd by EPO CFig 4> w'ua eight- 
fold to IQ'fold higher than the inwrpomtloh cuuseO by 
MoAb34 (Fig 3A). |A coflinMi to the bivvkm MoAb34, 
mortovoleni Fab frag menus did not Ailmulaie proHtiirortoA 
of the BaP3/SP0*R cell line (Fig SA). eiven though th^ 



offinirieH of MoAb34 and Fab34 to EPObp were itimllur 
(Tabl« I). MoAb34 waft even more adivt In Ihe Cell Une 
UT-?/EPO,^ ttrhUh ^xpnMiMii enJogenovui EPQ-R« whert 
If ntlmuluied prolireraiion wilh an ECi» of apptoaimaieiy 
3(yu pmnlA. (FI5 Tho nuutirpum iMOfponlion wnH 
elOM to the value obuined wiih EPO. Thla may be due 10 
the higher vonecntretiun ofEFO-R moleculcion the Hurfaec 
or UT>7/EP0 tiolltf. which contain ^AOO roeepton per 
CelK^-^' venui 800 for BbP3/BFO-R <data not ihownX For 
hightr necptoi eDneeniroiJoiw, the ligand oencencrailon 
neceiutary to Induce dinverlsatioA of ihe mepton should he 
lowef. At higher coneonirQiionK (>200 ntnol/Ll. MoAb3d 
antofionttta tiell prolifcnition in both od) llnfl» (Fig 3). 
UH expcelcd banod on iho liomodlmorizntlon modal The 
Ktfuitlog doae-dcpendent prollfrnulon eurvei havo a bell* 
shaped chafDCier with ICdu «altiei Ifbr ael^aneagonUin of 
appfoxlmately 2 ^mol/L. 

If BPO homodiiAdroen the receptor, than ulf-antago- 
Biim should aiio be observed at bigh EPO eon«9ncrailona. 
We demonxtrated thli using our BnF3/EP0-R cell prollfk'* 
Btlon aitnay (Fig 4). ProllKcratlAn iilgAlticanily deeratuad 
above 3 ftmo\fLt howevei*. complete inhibition waA not 
Observed at ihe conoantratiootf iCM^d. The animated Km 
vnlue WA0 approjtimately 20 /^mol/Li rcpfticniiltS 74.000 
U/mL or 370 li^mL of EPO* Thli ii an catrvmely high 
concenirotlon— BuF3/£PO^R cb||« prolifamte with an 
EC|toOf IS pmol^. which la xii orden of mngnlitida lo«ar. 
To eonfitm that ihe devreww in Kignal in BaF3/BP0-R 
eelln.wuM apcvllte to EPO and not due 10 tonicity or other 
anifocui wiHMch high llgand iMnceniracSotui, partntal BaF3 
celljt were ineuhated with fiPO at Ideocieal coneamrationn 
in the pfBscnce af f U3. No decreoiM In IL-3-dependcnl 
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prollfcraiton obKcrVed Al ony EPO eonccntf»Cion (Fl| 

WfMfci4 inducts diffcrmatim Of C«4* ^eythnid p/fl- 
jfiwr/rwr tff/A' 1/1 //itf preienee SCF, Tm dlfTeieMluicia 
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a,P]^CPCyjl Mid rC) utd pnnlit Btflh liA Sntf wM 

«wf«il wi» IdikHtoi dtluibm «Mln «l EPO. ••lit WM luppla^ 



of BFUo ceUsi in jHe Ct334" popwlmion w efyitiraid bwrew 
lis diptfndeni on BPO ^rui SCF. MoAb)4 wkm iiblE CO iPduoa 
Ui vl\m dirrcreiiiiwion »r hun^n ciylhfwiJ erti p«- 

tfUfWra. IB ivn indcpcflddH eupcrlnrtimK. dupticolc »em of 
CDW' «!W were irtaicd wiih vufluuji conCBnlrelion* of 
MoAMd, CPO, «r ti cQuffol wnilbusiy- tT» ikIIh were Inni- 
batcd in (he pMfwncA of u fi»cd eomwAtraUon ofSCF (100 
ng/mU Ari«r 19 dayn In *e Srtt apoirocni and 20 days 
in ihe jjcuonU 9RpBrtmim. cqIobIck from BIU* celU wen? 
visible In the pfe,<«nce of oiijicr MoAbW or EPO* but not 
In (he aniibcUy tionirol (Table 2). The wIoaWm «bew«d lypi^ 
col ftd color awJ oiiilO be niMdHod a« crythroid callH by 
micffljscopic vnotyMK (Fit S^, An In ihc c<U pwlilfcrtiion 
wurayft Jcjtcribed Mrikr. EPO *u* more poicnl Ibiw 
MoAb34. Cwtottlep dewlopwl ai ibfr.loweii EPO corwcnini- 
ilfiii teKied 11 J prtOlA.1. whmM no eiyihfoW crtfiniw wcfv 
obForvtd OK u MoAb34 eoiuwntftttton Ich* ihun 7 nmol/U^ 
Both Ihe ObKOlute number of eotonlcit ond ihc mtt of (Itn 
enlenlM wan hi£her In iho prHme of EPO ibuh in the 
prepMce of MoAb34. Tht opproxtnuie ECfn vutw* wiku \5 
mnolA.* nnd tht hlgtim ttlmQlaiiotr of dirferentwtion by 
MoAb34 nb««rvcd wos 22 to 220 nmol/L, mmi^v to rhe 
mMiinft abMived In the ttell prplircniiof) Mi^ayK (Table 2). 
In oddUlon. Oi floficeninition» ^bovc 720 nnujIO,. McAbS* 
wir.Dnminrtlcu iri thit ctW dirfemilioKfin iu«iy. Ait thoM 
tm deroonitnte that both cell pmlirerMion and difrcreniio* 
tion an driven by tiiond-inducfid receptor homodUneriza* 

AgvnUf aeriviry nf^^fAhS^ thtmlawi wtii wiih cl w«rfr' 
for uniihwiy»miCif(aMt mvptttr ^tmtrtwUm* Maihemolie 
modalR have beeq davekopod in dcKribe Ui« rormntien of 
T«cepior dtrrwrii on (lie celt iwrfiice by bivolcnl ligand anii- 
bndleir^orby OH.^ Wh invftiif|iuied how the osonliit ocilviry 
of MoAb;^ wQWld iwTTelole orllh the ovBiirrdnoE of rocepior 
dimoK prcdteced by iho rtwjdftl of PtenHxon." 

BKeRy. Pcrclwi fMinultttcii u iwo*9iep meehooiicm, 
whaiefay the fonpadrm of 1:1 eumptexes U drivvn by ma 
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Iji dApendenc on a ''cro^s^linkijig" constant Kk, which In- 
cludcii Ka but tlno dapdulu eti th» AfTccUvc cuntiflncraMon 
Cf receptan OA che cell rai^e and other fflCiDiit In the 
rollowlnjs «4V9tioQi» *'Ab" Btandu tbr gntlnc^tor anUbo4y 
and "R" for receptor. 

K 

[Abl ^ (R) ^ [Ab,Rl 

rAb.Rl * [RJ tR Ab,Rl, 
The cnnceoTTiUion of dlmtf U calcut^ttl u 

(I 4- 2JrA[AbD 

uMjmiBf chit th« amount of antibody bound Ia small com- 
pdfdd with th« lotaJ amlbody conecnmdon. The muimal 
eoniunoBtlOB of dinner l» idhily dependm on K^: 



If che pvctmgt of racflpiof/aniibedy 1:1 compkm veN 
vui the tottl number of rec^ptort li plociid ttinit iht ami- 
body CQXicenmion^ a lymmcBfC betl-chapad «tm U pw- 
diCMd Tltfe maximum ctf 2:1 eompleacM OMvn oi a dnflned 
antibody concancradon aqual lo half iHb an^faoily K« vbUuq, 
DmoUs of tha above dorivaKiOA may be fmmd cbawhera.'' 

Fiffura 6 litt ch« dtta 6r cha MoAb34 caM proliferation 
atkd dlffiBTtntUtiOn amyi to iha aqaatioiL Tha miultiEkg ball- 
fthapad eurvea for the proilferation uiayn eormlfita well wldl 
ttM! assay data. Tha obiiiinad 2:1 camptax maxima wei a 1 14 
nmol/L teg BaF3/en>-R carb and 26 nmoVL tor UTO/RPO 
calls. Accardlns lo (tw medf I, ihla craculiiei to app&mi Ki 
valuBB of 228 and 52 nmal/L. raipeciively. In BOOd agfia* 
mam whh the Kg valtta of 84 nmol/L dctennlnttd by BlAeait 
attalyeU mibic 1}. Theaa icautu dcmMtcraia thoi iha utfonist 
acdvHy of the bivalent MoAb34- in cili proUffmiion and 
diffaranutilion auaya in eonaivtent with llgvid-iaduced hop 
modlmcrludon of Cha ePO-R on cba call surftea* 

DlSCUdSlQN 

Homodlmertoitlon of tha fiPO-R by EPO on the cell fl^^ 
face i» believed to ba ihe Key event in tlenal trantdueUoo.' 
the mode) for honwdlnerlxaiion of tha EOPO-R by EPO 
impUai thai ic ihotild be peiiibla to trigfer the meaptar by 



Tlhta 2. ai^a in VRta &IM««i««aan aiaay 
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Purlflta uJli 110,008 calte pal duplleMa lamali) wtre JnuMied mtthylQilMlDit In tha priNnci ef tfie indlQtiad nmpla ¥t diffifim 
eohMmratlMi. Eiyiiipoid coioniii wtf* eaunipd mfM if days f«*parimom it or la dayv tmartflianc 2). raopoorivtlv^ Far each aaaorlMtiii. th« 
numbar af ealanlii o( bach dapllaatai an afvetii 
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eBtonlflwirtidnllM . 

iAd MaAU«w iMPMllvilf. iM l>»Mm- <AI im nmoiA. 



tlvaiMi M^iAiw illnscLcti d^uliKi EPObp. For (he reluwd CH 
rcpepior. 41 voHeiy of iigomxi MoAbsi havt henii rcpvrtsil 
MoAW4 \% Much 0 bival«nr 1^ with the i*wniy to dimerlve 
two mxpior inolotiulen. We have Mhown mimulation of cell 
pnjWfemlon In BnlO/EPO-ft and UT-T/EPO. im weU ai< jiilrn- 
uluiicm of cell diffcniniUiilon in 0034". Ob the odwr homt 
iDonovuleiK Fab rra^niBntt. which aonnot tefltt fcecp^Of ill- 
men. luuilly uniblo 10 (rtl/nuIolB Cb1» pmlUfcroiion »n 
SaP3/EP0-R. allhough Ihclr umnUy for EPObp \v- nlmiUir, 
Ifl all three lesil nyKumji wed. Wft cAmtvciI uftlf-aiiwfiorkm 
or MeAb34 ai hifih oanceninuiW". This U pt»ir»ly whut ihe 
homodlrwrittUinn mcchqiilum fwi«*r«: ^'B^ 
cOrtficnirotionv Unve ihz ct^uiUWum from 2:1 complcxCA 
lAwoni 1:1 uomplwc*. them um f«wcr ra;«p««' ^JiraenS Oft 
Ihe cell Jturfa^re iripjenng sigtwl trumduciitfn, iJelf*onui|o- 
n'iJim hus been il««cribed for iisonlw OH recepwr anU PRL 
neepm anilbodieR. loo.^ *uf|ie«rtna ihaL uH thTee mciq*^ 
lOH are act!v;Ugd by ihc suine principle. 
Over iht full aniitaotly ojortniniOon rajp^ uctlvttfiwn ar 



cell pioIifftfaLion and dlrtoMn^iBilon »i<owR a fee ll-nh aped »- 
tpoBKu «urve. Tht mwilmum observed it all Oi«e in vjiro 
expcririKft" octfurt ui ^littilar MoAb54 concwitmilwu, in 
cjoK vitipity to III K,i. Indeed, a miUhcmatli: moid- p«- 
dicK ihtti tt mftxlmiun of 3i I mcepwr/anlibody cnmplcxes w 
ftimittd at a eoncdnindon of 0.9 X Ky. We wm able to fit 
the daifi Qbcoiaed in thc cell proUferptiOfl imd differenilaiiao 
aMKuyi ifi thU model. The cofTClutiOn Of ttgonlM ucUvlty wiih 
dte predicted orturrftnc* of 2:1 coraptaci ftwhof ^iwppoiu 
ihc homodimtrt^iiion model. In tontfftii. data reponed tor 
oionim imxihodlesi nOmulaiing ihe OH Ofld PRL ftccptor 
<how A mtuilmum rejpOBxe liv pwllfcemJofl ttwsw* vt toneen* 
undone i^ppro&lfn^tely two orders of mafniiude hiithar than 
(heir vaiueit."''' li it ponablc that thfe affifiiii«* of ond- 
PRL reeepwr antibMliAA ware 0T«mti mated dv« u» avidity 
effecu. »lnce thev wera dcLemined by bindias ^^y^^ 
nufiolnhalad a&dhiidint whala-call homnfianaiM.'*' In Cb6 
CH-GH nxcpior complex. Ihaie \% a Kubmadai camun nuf 
face between the two CH revvpBAr moleeuleH in additioA id 
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• • u«i/At/ud Mini xo:«u wiUk iA<94irov 



BCHNflQIR ET Al, 



•■•1 






Fip I. m *l dtt« ftbiilnvd fnsm l« irfoo g»II iP«*yt t* • mtthi- 
mailt nwM rfvwMif •mtlMdiHnvdlitad r*M0Dr tffMilimafi, 
OMBrrtiltottpii «r ^ lly tlAttM iHtolyaai a v«Vn c4 '-^ 

■iMM.e«Mlii»valiiwlormtltemiOn nni|KllvmldM«tAMrv«Mlttn 
h 1h» ibiMU of MoAMA) IMM Mbfnitod. (At PrvirrmtlHi of Iftft/ 

CBS«' B«M, tit* fiMin numtair «f fiobniw oDvlfiid In llw 2 oeunu 
iif 4iip#rtaMiil I ITibla ai vni ^Md 



the honnone-rtcdptor interf&ceA, which comributa to t^t 
binding energy.^' In contmKt, rtceptoz-craptor intsrttffioo 
in the CPObpiCPO compJeK wBmi to be poor. \t there is 

Wtfi have demon^irvted for ihe fim dfiic diAi Bra exhtlnis 
i«lf.aflt«goiii«m (Fltf 4). The (oncentratian of EFO oqedcd 
WM more Uun /nur orden of rnqgniOKlv hl^tar ihui ttiat 
AEuaKiiry for a muimiiJ mpoftis. The lilcciy rmfln that thli 
affecl hii not bm neponed prevlou92)r U ihv the mitromolar 
conceAtrurraiui Qecet^fary have not been icRted In proli/cra- 
tion iMfiyx. The JCAt for £P0 Kelf-ftniftganUrn in 9^roxi« 
mate]y lO-fold higher thm the ICia for hurrum GH «ir- 
ani&foniivn, whereoat EC.g, vaJuen for ufonJArtl, of EPO ami 
GH aze Himlbir.'^ There ore Mvef4l e^iplanoclDAii pONtnble. 
The ICjto 01' £P0 steir*uniusonJim could be hlfiher due BO a 



lower afHnlty of kUb 1 for BPO thua fbr GH. AInmailvely. 
dirrertRE mevpior d«n»liieB and ulu 2 affinUieii could Aceovnt 
for the obtf^rvcd dJ<<crapaMle«. Unfortunikuly. ihe avAlliiblA 
ctate lire l«miced. A well-derived K4 In aviiil^ble ro^ OH (Kt 
a 0.3 omul/L}.^ but !he correspoodlnj liie £P0 hen not 
been m well ehoracttsrixed {Ki% ^0.9 qmotA.)." On the other 
Hand, dte K^, 0/ i\ia 2 he» been wolS diurrnin^ for BPO 
(O.fiS 10 I.3S i^mol/L},' I bU( it Is unknown for GTi Previous 
Kiudy hUK dimonfiirated ihni there ore inicnictlonfi between 
the exiraocllular dematna of OH neeptor^'; however, the 
coniribuilotu of (he membnme>ipiiithih| and ifltruvclluler 
domaini to die diipcrixatton of cyvoklne iccepton ere poorly 
undcrsiood. 

A courtterptin to thr inucdve Feb rragmonittt of MoAb34 
wcold be afi EPO mutiuit di&t' leckii the puuitlvc «aeond 
binding iiit«< Such a mutant t^uid Ml be able to bind to 
dte raceptor. but ti wotild not be able cp c&ok dfmeHidtico 
and nicrcfo/E should be Inactive in a prcillferauon uiuiy. For 
QH, f et al^' huve Hhou^n that o mutoni m which reiMue 
Cly-120 Is replaced by argiolne di^ruptit the ^iu ] reoepcor 
bindtjug xite. This mutant bindi to CH receptor with the (tame 
ofFiniiy 031 thB wMd^type hormone, but li eannot idmutaie the 
nveptor and It acts us on amogonln. Such on EPO mutant 
ha$bcBn dencribed ratientiy'* snd givex funher evidentfe that 
EPO acu thraush homodLmerlzailoo of Itt raeepion 

Why BM ^goniiu onu'bodiee for EPO-R w rorel Ail MoAbM 
apeei6e 10 the exEraeellvlar domaiq nhouJd dimeriae the ni- 
eeptor because Uwy m bivalent. However, the voHt tnujoriiy 
of andbodia In our screen arc not ugonlMtN (47 of 4S) end 
form (nevLivB 2:1 eomplcaaa. Although genitation of itpecl Ac 
MoAba with aniagenlHt oetlvUy hoH been repotted pre* 
vloiia)y«^* afiooini anilfaodlea hove mh been doainibed. Ap- 
porenily, the coll tnirfboe impoiws wrie eenatralnu and the 
two recepior vubueite In the 2:1 complea have to be at a 
apeeillc imentatlon end/br diKionee leladvc in each other. 
1Mb Ix not the caiifl« reeepior-reoepcor Inieractiune neei 
fariisnat irenadiPClUmeatiiMit be ronne^ Silmulatiiin of EPO 
Inducej binding of a MK2 klrtaie moieeule to the cytoionc 
doiTjHin gf each EPO-R molecule nnd increuMesi pbuKphorylap 
tion of EPO-ft and JA1C2 klnuao Iwelf'^ If the latiar \i an 
latennoticDtar pho«phoryleiton preeciiii an ha« been d<« 
wribcd for receptor tyrojrinB kinaMOi/^ cloiic proximity of 
chc two receptor raeleculei» would be enneniial. Becaiuie of 
the ulie of ihi antibody, thU prmlmity ii uoillcHy in mo&t 
andbody-Tcceptor complexes. Since MoAb34 In a l«$» potent 
^^n\iii than £P0, it su^exu that it dimerlM EPO»R m a 
Alighily diifereiti way than t^e natural hnrnione doex. aind 
thai duK dimehKation ia Auboptimui for ngna) trahibdueilon. 
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